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e Background and Aims Invasive species may undergo rapid evolution despite very limited
standing genetic diversity. This so-called genetic paradox of biological invasions assumes that
an invasive species has experienced (and survived) a genetic bottleneck and then underwent
local adaptation in the new range. In this study, we test how often Australian acacias (genus
Acacia), one of the world’s worst invasive tree groups, have experienced genetic bottlenecks
and inbreeding.

e Methods We collated genetic data from 51 different genetic studies on Acacia species to
compare genetic diversity between native and invasive populations. These studies analysed 37
different Acacia species, with genetic data from the invasive ranges of 11 species, and data
from the native range for 36 species (14 of these 36 species are known to be invasive
somewhere in the world, and the other 22 are not known to be invasive).

o Key Results Levels of genetic diversity are similar in native and invasive populations, and
there is little evidence of invasive acacia populations being extensively inbred. Levels of
genetic diversity in native range populations also did not differ significantly between species
that have and that do not have invasive populations.

e Conclusion We attribute our findings to the impressive movement, introduction effort, and

human usage of Australian acacias around the world.
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120z AelN €1 uo 1sonB Aq | Z98EZY/EG0UEOW/AOB/EE0L "0 L/I0P/2IO1E-80UBADPE/OE/WO0" dNO"oIWUSPEdE//:SARY WOl Papeojumod



INTRODUCTION

Species introduced by humans to new regions must negotiate a series of barriers before they can
achieve substantial population growth and spread over large areas (Blackburn et al., 2011).
Understanding the drivers of establishment and invasion success remains a central theme in invasion
biology (e.g. Catford et al., 2009; Blackburn et al., 2011). Attributes of the alien species (i.e.
invasiveness), their new environments (i.e. invasibility), and how they were introduced (i.e.

introduction dynamics) interact to determine invasion success (PySek et al., 2020).

Invasive populations frequently stem from multiple introductions of large size of alien
propagules (Hufbauer et al., 2013) to areas where climatic conditions are similar to those in the native
range (Liu et al., 2020). Many ecological hypotheses have also been formulated around functional
traits of alien species, including those related to dispersal, growth and reproduction, to explain
invasiveness (Catford et al., 2009, Enders et al., 2020). Invasion success may not only hinge upon the
mean values of these traits, but also their plasticity, especially during the initial phases of invasion,
when tolerance of novel environmental conditions will benefit the survival and reproduction of
introduced populations (Palacio-Lopez and Gianoli, 2011). Biotic interactions in the introduced range,
such as strong release from specialist natural enemies (enemy release hypothesis; Keane and Crawley,
2002) or lack of compatible mutualisms (missed mutualisms hypothesis; Le Roux et al., 2020), may
further impact invasiveness. Some alien species also have preadapted traits that allow them to survive
in certain environments, in what has been termed eco-evolutionary experience (EEE, Saul et al.,
2013). For instance, alien species that share intermediate levels of EEE with resident natives may
prove phenotypically well-matched to their new environments (Petitpierre et al., 2012), but at the
same time sufficiently different to overcome possible competition (aka Darwin’s naturalisation
hypothesis; Catford et al., 2019). Importantly, the role of most ecological drivers of invasion success

is unrelated to the amount of genetic diversity present in introduced populations.

Its has been suggested that some alien species undergo rapid evolution (within tens to

hundreds of generations) to become invasive (e.g. Reznick et al., 2019; van Boheemen et al., 2019).
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Such rapid evolution is intriguing, as invasive populations often suffer strong founder effects and
genetic bottlenecks (Dlugosch and Parker, 2008); this has been termed a ‘genetic paradox’ (Allendorf
and Lundquist, 2003) as it seems to contradict the widely held notion that evolutionary responses
during invasion is positively correlated with genetic diversity (Estoup et al., 2016). Three conditions
must be met for an invasion to be considered a genetic paradox (Estoup et al., 2016). First, the
invasive species must experience a genetic bottleneck leading to the loss of genetic variation. Second,
bottlenecked populations must survive in the new range without succumbing to problems associated
with low genetic variation, like inbreeding depression. Third, the species must ‘adapt to its new

environment, i.e. undergo rapid evolution.

Alien species can employ a variety of mechanisms to adapt to their new environments despite
low genetic diversity (e.g. Prentis et al., 2008; Li et al., 2019; Cam et al., 2020). For instance,
hybridisation between native and invasive species can create novel genotypes (Prentis et al., 2008;
Qiao et al., 2019; Mitchell et al., 2019) or epigenetic responses to novel environmental conditions
such as DNA methylation can create additional phenotypic variation (e.g. Schrey et al., 2012; Hawes
et al., 2019). Native and introduced populations of some species, however, may harbour comparable
levels of genetic diversity. In some instances, standing genetic diversity in introduced populations
may even exceed levels of diversty in native-range populations, possibly as a result of multiple
introductions (e.g. Bossdorf et al., 2005; Cavalcanti et al., 2020), admixture between individuals from
different sources (e.g. Genton et al., 2005; van Boheemen et al., 2017), or large introduction sizes

(e.g. Roman and Darling, 2007; Kelager et al., 2013).

Studies based on neutral genetic diversity suggest that invasive populations often have lower
levels of genetic diversity than their native counterparts (Dlugosch and Parker, 2008). Importantly,
however, low neutral genetic diversity may only have a ‘mild’ effect on the evolutionary capacity of
introduced populations, as variation at neutral loci is expected to be more severely impacted by
genetic bottlenecks than variation for quantitative traits (Lande 1988). Moreover, unlike quantitative
traits, neutral loci are not under selection and, therefore, do not reflect adaptive potential (Reed and

Frankham, 2001; Holderegger et al., 2007; Dlugosch et al., 2015). Consequently, variability in
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ecologically-relevant traits can be high in invasive populations, even when neutral genetic diversity is
low. Regardless of this, similar levels of neutral genetic diversity in invasive and native populations
strongly suggest that the adaptive capacities of invasive populations are likely to be high (Estoup et

al., 2016).

Australian acacias are among the world’s most problematic invasive plants (Richardson et al.,
2011). They have relatively short generation times and reach reproductive maturity within their first
few years of growth (often within 2-3 years; Maslin and McDonald, 2004; Gibson et al., 2011), which
may facilitate rapid adaptation to their new environments. As fast-growing trees, they have been
introduced around the world for numerous purposes such as land reclamation and tannin production
(Griffin et al., 2011). At least 25 species are known to be invasive (Richardson et al., 2015; Magona
et al., 2018) and are among the most studied taxa in invasion biology, with one area of research that
has enjoyed substantial interest over the past decade being the invasion genetics of the group. These
genetic studies have provided valuable insights into the invasion histories, dynamics and evolutionary
ecology of Australian acacias. For example, Thompson et al. (2012, 2015) found some invasive A.
saligna populations to be genetically diverse, but distinct from native range populations. They found
this to be the result of hybridisation and introgression in the native range prior to the species’
introduction into non-native areas. Other researchers have found reduced genetic diversity to not
impede adaptive potential of some invasive acacias (Harris et al., 2012). A common theme in many of
these studies is that they compare genetic diversity between native and invasive populations. We took
advantage of this unique situation to test how often Australian acacias have experienced genetic
bottlenecks (i.e. lower allelic richness, heterozygosity) and higher levels of inbreeding in their
invasive populations compared with native populations. We hypothesised that the extensive
movement of acacias around the world, associated with frequent human-usage and often accompanied
by multiple introductions and genetic admixture, would have led to genetically diverse invasive

populations and no genetic bottlenecks.
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MATERIALS AND METHODS

Data collection and analyses

We reviewed literature on population genetic and phylogeographic analyses of Australian acacias in
their native and alien ranges. We searched the Web of Science database
(https://apps.webofknowledge.com) for publications, using the terms ‘population genetic + acacia’,
‘genetic diversity + acacia’, ‘phylogenetic + acacia’, ‘phylogeography + acacia’ (searched between 6-
9 April 2020). All references listed in retrieved papers were checked for additional resources (i.e.,
snowball sampling). Publications citing the retrieved papers were also checked (i.e., forward
searching). Where possible, we extracted four common population genetic diversity metrics: expected
heterozygosity (Hg), observed heterozygosity (Ho), allelic richness (A,) and inbreeding coefficient
(Fis). When not reported, F;s values were calculated as: (He — Ho) / He. We also generated genetic
data as part of a microsatellite marker transfer exercise (i.e., cross-amplification of microsatellite
markers designed in particular Acacia species in other closely related acacias) in our labs for four

species in both native and alien populations [Supplementary data— Appendix 1].

Genetic diversity indices were calculated for: a) invasive ranges; b) native ranges for taxa
with invasive populations; and c) native ranges for taxa that do not have invasive populations. We
treated each country of introduction as a separate data point when studies included individual invasive
Acacia species from multiple invasive ranges (i.e. countries; e.g. see Thompson et al., 2015). All
diversity indices were averaged within each country (if not reported as such) and treated as
independent data points in subsequent analyses. We then calculated the proportional change of He, Ho
and A as: [(average value in invasive range — average value in native range) / average value in native

range], following Dlugosch and Parker (2008).

Information on the introduction histories of all acacias was compiled from several sources
(e.g., Butterfield, 1938; Shaughnessy, 1980; Kull et al., 2008, 2011; Poynton, 2009; Carruthers et al.,

2011; Griffin et al., 2011). We were especially interested in the year and purpose of introduction, as
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well as the number of introductions (single or multiple). When a range of years was given for the
introduction of a species, the midpoint was taken. We defined seven categories for introduction
purpose: agroforestry (e.g. watershed, fodder, shade, etc.); environmental services (e.g. dune
stabilisation, erosion control); forestry (e.g. timber, tanbark, etc.); fuelwood/charcoal; horticulture
(e.g. cut flower); ornamental; and other (e.g. scientific research). We also searched the literature to
identify the age of reproductive maturity for individual species. These data, along with residence
times, allowed us to infer the number of generations that acacias might have experienced since

introduction.

All statistical analyses were performed in the R statistical environment (R Core Team, 2016).
To check for significant shifts in Hg, Ho and A, in invasive populations, we tested if the calculated
mean proportional change of each metric was significantly different from 0 (i.e. no change) by
applying the two-tailed Wilcoxon signed test, as the data are not normally distributed (p < 0.05
Shapiro-Wilk normality test, and visual inspection of frequency polygons — see Figure 1). For A,, the
one-sample t-test was applied (p > 0.05 Shapiro-Wilk normality test). To assess if diversity indices
(Hg, Ho, A and Fis) differed between ranges, we applied Kruskal-Wallis tests as our data failed the

assumptions of normality and homoscedasticity of variances.

RESULTS

In total, 51 studies (including genetic data generated in this study) met our requirements and were
included for further analyses: 48 studies were indetified in our search, with an additional two studies
identified from their references. Together, these studies analysed 37 different Acacia species. Of
these, 11 species had invasive range data and 36 species had native range data (14 of these species are
known to be invasive somewhere in the world, and the other 22 are not known to be invasive
anywhere) (Table 1). We found no significant difference in the sampling intensity (i.e., average
number of individuals sampled per population) between these three groups (Kruskal-Wallis, p > 0.05;

[Supplementary data — Appendix 2]). Eleven studies (i.e., 22% of all studies) estimated genetic
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diversity metrics from newly germinated seedlings, while the remaining studies sampled mature
plants in the field [Supplementary data — Appendix 2]. We identified 26 independent introductions (of
10 Acacia species) for which data were also available for native range populations to calculate
proportional change in Heg and Ho (Figure 1A and 1B, respectively). For A, 11 introductions were
considered (Figure 1C). The mean proportional change was 0.218 for Hg, 0.286 for Ho, and 0.048 for
A.. Proportional changes revealed an overall significant gain in Hg and Ho in invasive populations (p
< 0.05 two-tailed Wilcoxon signed rank test, Figure 1A and 1B). Of the 11 invasive Acacia species,
all had records of being introduced for forestry purposes, while seven had records of introduction for
agroforesty and fuelwood/charcoal purposes, six for environmental services, five for ornamental and
other purposes, and two for horticulture purposes [Supplementary data — Appendix 2]. In a few
instances, the reason for introduction was unknown. The first year of introduction ranged from 1827
to 1971. Seven introductions had unknown introduction dates [Supplementary data — Appendix 2].
We were able to obtain data on both first year of introduction and age to first reproduction for 18
introductions (Maslin and McDonald, 2004). From these data we estimated that acacias have, as of
2020, been present in their new ranges between 24-97 generations [Supplementary data — Appendix
2]. Multiple introductions and admixture have been reported in the majority of studies included

[Supplementary data — Appendix 2].

In invasive ranges, He ranged from 0.248 to 0.720, Ho from 0.230 to 0.780, A, from 2.097 to
8.454 and Fs from -0.351 to 0.430. In native range populations with invasive conspecifics, Hg ranged
from 0.017 to 0.730, Hp from 0.015 to 0.770, A, from 1.650 to 6.310 and F,s from -0.302 to 0.627. In
native range populations with no invasive conspecifics, Hg ranged from 0.109 to 0.834, Ho from
0.078 to 0.871, A, from 2.140 to 12.043 and Fis from -0.935 to 0.482. We found no significant
differences among any of these three groups for any diversity metrics (Figure 2), and no correlation

between any of the diversity metrics and residence time (data not shown).

It should be noted that our analyses included data from different molecular marker types that
may differ in their sensitivity to genetic bottlenecks. The majority of studies used microsatellite data

(n=35), while a few used isozyme (n=13) and dominant fragment markers (n=3) data [Supplementary
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data — Appendix 2]. As all data from the invasive ranges were based on microsatellite analyses, we
also compared diversity metrics among the different ranges using microsatellite data only. These
results did not differ from those obtained when using the overall dataset, we therefore only report on

the latter here.

DISCUSSION

Neutral and adaptive genetic diversity present in invasive populations can be influenced by a number
of factors and, therefore, testing the generality of founder events and subsequent genetic bottlenecks
would benefit from studies on species, or closely related groups of species, that are invasive in
different areas globally, have different introduction histories and human-uses, and thus potentially
differ in their levels of genetic diversity. Australian acacias tick. many of these boxes (Richardson et
al., 2011). By synthesising available genetic data, we add to a growing body of evidence that shows
that some invasive species do not experience genetic bottlenecks or extensive inbreeding (e.g. Roman
and Darling, 2007; Mohammed et al.,~2020). Based on the present analysis, we can also confidently
conclude that no genetic paradox exists for any of the Australian acacias we studied and that standing

genetic variation is similar in native and invasive populations.

The global success of Australian acacias has been attributed to their extensive usage by
humans (Castro-Diez et al., 2011; Richardson et al., 2011). These trees have been widely planted
from the mid-19" century onwards, a time that coincides with an increasing global demand for fast-
growing trees (Bennett, 2011). Acacias have been purposefully introduced for a variety of reasons,
often under circumstances that called for high propagule pressure, i.e., multiple introductions, each
often consisting of a high number of individuals (Le Roux et al., 2011; Richardson et al., 2011;
Donaldson et al., 2014). This likely explains the similar levels of heterozygosity and inbreeding
between some native and invasive acacia populations, or the low inbreeding in some invasive
populations, we observed. For example, for the silver wattle, A. dealbata, invasive populations had

lower inbreeding coefficients (average Fis = -0.13) than native-range populations (average Fs = 0.06).
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For this species, invasive populations were from numerous areas around the world (Hirsch et al. 2019,
2021) and population genetic analyses indicate that the majority of these populations are characterized
by high genetic diversity and low levels of genetic structure, likely because they originated from
multiple introductions (Hirsch et al. 2011). Similarly, over 280 million seeds of the Port Jackson
willow, A. saligna, have been imported to South Africa (Le Roux et al., 2011) and were broadcast
into the environment for dune stabilisation. These seeds were not only sourced from Australia, but
also from secondary ranges such as France (Poynton, 2009). For the black wattle, A. mearnsii,
millions of seeds were introduced to start forestry plantations for tannin production in South Africa
(Le Roux et al., 2011). At least eight independent introductions occurred between 1850-1985,
involving seeds collected from throughout the species’ native range south-eastern Australia (Poynton,
2009). Most acacias have large native range sizes, offering a variety of sources for introduction to
different environmental and climatic conditions (Richardson et al., 2011). We found multiple
introductions to be the norm for acacias, often accompanied by admixture between distinct genetic
lineages in their new ranges [Supplementary data — Appendix 2]. This probably explains the overall
increase in heterozygosity, and concurrent decrease in inbreeding, observed in invasive populations

(Dlugosh and Parker, 2008).

Our finding that invasive Australian acacias experienced no genetic bottlenecks, together with
a lack of marker-based evidence for inbreeding, has important implications. First, high genetic
diversity increases the likelihood for introducing phenotypes well-matched to new environmental
conditions, i.e. of introducing pre-adapted phenotypes (e.g. Duncan and Williams, 2002; Bossdorf et
al., 2008). Second, multiple introductions from distinct sources create opportunities for genetic
admixture which may provide novel phenotypic variation to fuel rapid evolution (e.g. Lavergne and
Molofsky, 2007; Xia et al., 2020). Even without genetic admixture, high genetic diversity is expected
to accelerate microevolution via both neutral (e.g. spatial sorting; Berthouly-Salazar et al., 2012) and

deterministic (i.e. natural selection; Banerjee et al., 2019) processes.

High genetic diversity at neutral markers likely translates into high adaptive diversity

(Caballero and Garcia-Dorado, 2013; Vilas et al., 2015). While none of the benefits of high genetic
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diversity described above have been explicitly tested in invasive acacias anywhere in the world, our
analyses clearly illustrate that all these options are available to most invasive acacias. Many invasive
acacias have been introduced long ago (up to 97 generations for the species included here), providing
ample time for rapid evolution to have occurred (sensu Reznick et al., 2019) Future research should
include assessing whether genetically-diverse invasive acacias have undergone rapid evolution in their

alien ranges.

Taken together, we show how humans have profoundly shaped the worldwide invasion of
Australian acacias, characterised by multiple introductions of large size and admixture, leading to
genetically-diverse populations with high adaptive capacities. While these findings may not be
applicable to invasive species in general, they do provide novel insights into the invasion dynamics of

one of the world’s most successful invasive plant groups.

FUNDING

JLR acknowledges start-up funding from Macquarie University’s DVCR and Department of
Biological Sciences. We acknowledge financial support for many studies on Australian acacias over
more than a decade from the DSI-NRF Centre of Excellence for Invasion Biology. DMR also
received support from the Oppenheimer Memorial Trust [grant 18576/03] and the Millennium Trust.
JRUW thanks the South African Department of Forestry, Fisheries and the Environment, (DFFtE) for
funding noting that this publication does not necessarily represent the views or opinions of DFFtE or
its employees. This research was also funded by Fundacdo para a Ciéncia e a Tecnologia (FCT,
Portugal), FCT/MCTES through the financial support to CESAM [UIDP/50017/2020;
UIDB/50017/2020], through national funds and the co-funding by the FEDER (within the PT2020
Partnership Agreement and Compete 2020), and the financial support to cE3c [Research Unit grant
number UIDB/00329/2020]. SV worked under a PhD grant awarded by FCT, Portugal

[PD/BD/135536/2018].

11

120z AelN €1 uo 1sonB Aq | Z98EZY/EG0UEOW/AOB/EE0L "0 L/I0P/2IO1E-80UBADPE/OE/WO0" dNO"oIWUSPEdE//:SARY WOl Papeojumod



LITERATURE CITED

Adamski DJ, Dudley NS, Morden CW, Borthakur D. 2013. Cross-amplification of
nonnative Acacia species in the Hawaiian Islands using microsatellite markers from Acacia
koa. Plant Biosystems - An International Journal Dealing with all Aspects of Plant Biology

147:1088-1091.

Allendorf FW, Lundquist LL. 2003. Introduction: population biology, evolution, and

control of invasive species. Conservation Biology 17: 24-30.

Bairu MW, Coetzer WG, Amelework AB. 2019. Tracing the genetic origin of two Acacia

mearnsii seed orchards in South Africa. South African Journal of Botany 126: 70-77.

Banerjee AK, Guo W, Huang Y. 2019. Genetic and epigenetic regulation of phenotypic
variation in invasive plants — linking research trends towards a unified framework. NeoBiota

49: 77-103.

Bennett BM. 2011. A Global History of Australian Trees. Journal of the History of Biology

44: 125-145.

12

120z AelN €1 uo 1sonB Aq | Z98EZY/EG0UEOW/AOB/EE0L "0 L/I0P/2IO1E-80UBADPE/OE/WO0" dNO"oIWUSPEdE//:SARY WOl Papeojumod



Berthouly-Salazar C, Rensburg BJ van, Roux JJL, Vuuren BJ van, Hui C. 2012. Spatial
sorting drives morphological variation in the invasive bird, Acridotheris tristis. PloS One 7:

e38145. doi: 10.1371/journal.pone.0038145

Binks RM, O’Brien M, MacDonald B, Maslin B, Byrne M. 2015. Genetic entities and
hybridisation within the Acacia microbotrya species complex in Western Australia. Tree

Genetics & Genomes 11: 65. doi: 10.1007/s11295-015-0896-4

Blackburn TM, PySek P, Bacher S, et al. 2011. A proposed unified framework for

biological invasions. Trends in Ecology & Evolution 26: 333-339.

van Boheemen LA, Atwater DZ, Hodgins KA. 2019. Rapid and repeated local adaptation

to climate in an invasive plant. The New Phytologist 222: 614—627.

van Boheemen LA, Lombaert E, Nurkowski KA, Gauffre B, Rieseberg LH, Hodgins
KA. 2017. Multiple introductions, admixture and bridgehead invasion characterize the
introduction history of Ambrosia artemisiifolia in Europe and Australia. Molecular Ecology

26: 5421-5434.

Bossdorf O, Auge H, Lafuma L, Rogers WE, Siemann E, Prati D. 2005. Phenotypic and
genetic differentiation between native and introduced plant populations. Oecologia 144: 1-

11.

Bossdorf O, Lipowsky A, Prati D. 2008. Selection of preadapted populations allowed

Senecio inaequidens to invade Central Europe. Diversity and Distributions 14: 676-685.

Broadhurst L, Coates D. 2002. Genetic diversity within and divergence between rare and
geographically widespread taxa of the Acacia acuminata Benth. (Mimosaceae) complex.

Heredity 88: 250-257.

13

120z AelN €1 uo 1sonB Aq | Z98EZY/EG0UEOW/AOB/EE0L "0 L/I0P/2IO1E-80UBADPE/OE/WO0" dNO"oIWUSPEdE//:SARY WOl Papeojumod



Broadhurst LM, Young AG, Forrester R. 2008. Genetic and demographic responses of
fragmented Acacia dealbata (Mimosaceae) populations in southeastern Australia. Biological

Conservation 141: 2843—-2856.

Brownlie H, Playford J, Wallace H, Shapcott A. 2009. Population ecology and genetics of
the vulnerable Acacia attenuata (Mimosaceae) and their significance for its conservation,

recovery and translocation. Australian Journal of Botany 57: 675-687.

Butcher P, Harwood C, Quang TH. 2004. Studies of mating systems in seed stands suggest
possible causes of variable outcrossing rates in natural populations of Acacia mangium.

International Journal of Forest Genetics 11: 303-309.

Butcher PA, Moran GF, Perkins HD. 1998. RFLP diversity in the nuclear genome of

Acacia mangium. Heredity 81: 205-213.

Butterfield HM. 1938. The introduction of acacias into california. Madrofio 4: 177-187.

Caballero A, Garcia-Dorado A. 2013. Allelic diversity and its implications for the rate of

adaptation. Genetics 195: 1373-1384.

Cam SL, Daguin- Thiébaut C, Bouchemousse S, Engelen AH, Mieszkowska N, Viard F.
2020. A genome-wide investigation of the worldwide invader Sargassum muticum shows

high success albeit (almost) no genetic diversity. Evolutionary Applications 13: 500-514.

Carruthers J, Robin L, Hattingh JP, Kull CA, Rangan H, Wilgen BW van. 2011. A
native at home and abroad: the history, politics, ethics and aesthetics of acacias. Diversity and

Distributions 17: 810-821.

14

120z AelN €1 uo 1sonB Aq | Z98EZY/EG0UEOW/AOB/EE0L "0 L/I0P/2IO1E-80UBADPE/OE/WO0" dNO"oIWUSPEdE//:SARY WOl Papeojumod



Castro- Diez P, Godoy O, Saldafia A, Richardson DM. 2011. Predicting invasiveness of
Australian acacias on the basis of their native climatic affinities, life history traits and human

use. Diversity and Distributions 17: 934-945.

Catford JA, Jansson R, Nilsson C. 2009. Reducing redundancy in invasion ecology by
integrating hypotheses into a single theoretical framework. Diversity and Distributions 15:

22-40.

Catford JA, Smith AL, Wragg PD, et al. 2019. Traits linked with species invasiveness and
community invasibility vary with time, stage and indicator of invasion in a long-term

grassland experiment. Ecology Letters 22: 593-604.

Cavalcanti FF, Padua A, Cunha H, et al. 2020. Population differentiation supports multiple
human-mediated introductions of the transatlantic exotic sponge Paraleucilla magna

(Porifera, Calcarea). Hydrobiologia 847: 3571-3590.

Coates D. 1988. Genetic diversity and population genetic-structure in the rare chittering grass

wattle, Acacia Anomala Court. Australian Journal of Botany 36: 273-286.

Coates DJ, Tischler G, McComb JA. 2006. Genetic variation and the mating system in the
rare Acacia sciophanes compared with its common sister species Acacia anfractuosa

(Mimosaceae). Conservation Genetics 7: 931-944.

Dlugosch KM, Anderson SR, Braasch J, Cang FA, Gillette HD. 2015. The devil is in the
details: genetic variation in introduced populations and its contributions to invasion.

Molecular Ecology 24: 2095-2111.

Dlugosch KLM, Parker 1. 2008. Founding events in species invasions: genetic variation,

adaptive evolution, and the role of multiple introductions. Molecular ecology 17: 431-49.

15

120z AelN €1 uo 1sonB Aq | Z98EZY/EG0UEOW/AOB/EE0L "0 L/I0P/2IO1E-80UBADPE/OE/WO0" dNO"oIWUSPEdE//:SARY WOl Papeojumod



Donaldson JE, Hui C, Richardson DM, Robertson MP, Webber BL, Wilson JRU. 2014.
Invasion trajectory of alien trees: the role of introduction pathway and planting history.

Global Change Biology 20: 1527-1537.

Duncan RP, Williams PA. 2002. Darwin’s naturalization hypothesis challenged. Nature

417: 608-6009.

Enders M, Havemann F, Ruland F, Bernard-Verdier M, et al. 2020. A conceptual map of
invasion biology: Integrating hypotheses into a consensus network. Global Ecology and

Biogeography 29: 978-991.

Estoup A, Ravigné V, Hufbauer R, Vitalis R, Gautier M, Facon B. 2016. Is there a
genetic paradox of biological invasion? Annual Review of Ecology, Evolution, and

Systematics 47: 51-72.

Forrest CN, Roberts DG, Denham AJ, Ayre DJ. 2015. Microsatellite primers for
vulnerable and thriving Acacia (Fabaceae) species from Australia’s arid zone. Applications in

Plant Sciences 3: 1400121. doi: 10.3732/apps.1400121

Funnekotter AV, Millar M, Krauss SL, Nevill PG. 2019. Phylogeographic analyses of
Acacia karina (Fabaceae) support long term persistence of populations both on and off

banded iron formations. Australian Journal of Botany 67: 194-204.

Genton BJ, Shykoff JA, Giraud T. 2005. High genetic diversity in French invasive
populations of common ragweed, Ambrosia artemisiifolia, as a result of multiple sources of

introduction. Molecular Ecology 14: 4275-4285.

George N, Byrne M, Maslin B, Yan G. 2006. Genetic differentiation among morphological

variants of Acacia saligna (Mimosaceae). Tree Genetics & Genomes 2: 109-119.

16

120z AelN €1 uo 1sonB Aq | Z98EZY/EG0UEOW/AOB/EE0L "0 L/I0P/2IO1E-80UBADPE/OE/WO0" dNO"oIWUSPEdE//:SARY WOl Papeojumod



Gibson MR, Richardson DM, Marchante E, et al. 2011. Reproductive biology of
Australian acacias: important mediator of invasiveness?. Diversity and Distributions 17: 911-

933.

Griffin AR, Midgley SJ, Bush D, Cunningham PJ, Rinaudo AT. 2011. Global uses of
Australian acacias — recent trends and future prospects. Diversity and Distributions 17: 837—

847.

Guillemaud T, Broadhurst L, Legoff I, et al. 2015. Development of 23 polymorphic
microsatellite loci in invasive silver wattle, Acacia dealbata (Fabaceae). Applications in

Plant Sciences 3: 1500018. doi: 10.3732/apps.1500018

Harris CJ, Dormontt EE, Le Roux JJ, Lowe A, Leishman MR. 2012. No consistent
association between changes in genetic diversity and adaptive responses of Australian acacias

in novel ranges. Evolutionary Ecology 26: 1345-1360.

Hawes NA, Amadoru A, Tremblay LA, et al. 2019. Epigenetic patterns associated with an
ascidian invasion: a comparison of closely related clades in their native and introduced

ranges. Scientific Reports 9: 14275. doi: 10.1038/s41598-019-49813-7

Hirsch H, Richardson DM, Pauchard A, Le Roux JJ. 2021. Genetic analyses reveal
complex introduction histories for the invasive tree Acacia dealbata Link around the world.

Diversity and Distributions 27: 360-376.

Hirsch H, Castillo ML, Impson FAC, Kleinjan C, Richardson DM, Le Roux JJ. 2019.
Ghosts from the past: even comprehensive sampling of the native range may not be enough to
unravel the introduction history of invasive species—the case of Acacia dealbata invasions in

South Africa. American Journal of Botany 106: 352—-362.

17

120z AelN €1 uo 1sonB Aq | Z98EZY/EG0UEOW/AOB/EE0L "0 L/I0P/2IO1E-80UBADPE/OE/WO0" dNO"oIWUSPEdE//:SARY WOl Papeojumod



Hirsch H, Richardson DM, Impson FAC, Kleinjan C, Le Roux JJ. 2018. Historical range
contraction, and not taxonomy, explains the contemporary genetic structure of the Australian
tree Acacia dealbata Link. Tree Genetics & Genomes 14: 49. doi: 10.1007/s11295-018-1262-

0

Holderegger R, Gugerli F, Scheidegger C, Taberlet P. 2007. Integrating population
genetics with landscape ecology to infer spatio-temporal processes. In: Kienast F, Wildi O,
Ghosh S, eds. Landscape Series. A Changing World: Challenges for Landscape Research.

Dordrecht: Springer Netherlands, 145-156.

Hopley T, Broadhurst LM, Gardner MG. 2015. Isolation via 454 sequencing and
characterisation of microsatellites for Acacia montana (Fabaceae), Mallee wattle: an endemic

shrub from southeastern Australia. Conservation Genetics Resources 7: 171-172.

Hufbauer RA, Rutschmann A, Serrate B, Conchard HV de, Facon B. 2013. Role of
propagule pressure in colonization success: disentangling the relative importance of

demographic, genetic and habitat effects. Journal of Evolutionary Biology 26: 1691-1699.

Keane RM, Crawley MJ. 2002. Exotic plant invasions and the enemy release hypothesis.

Trends in Ecology & Evolution 17: 164-170.

Kelager A, Pedersen JS, Bruun HH. 2013. Multiple introductions and no loss of genetic
diversity: invasion history of Japanese Rose, Rosa rugosa, in Europe. Biological Invasions

15:1125-1141.

Kull CA, Shackleton CM, Cunningham PJ, et al. 2011. Adoption, use and perception of

Australian acacias around the world. Diversity and Distributions 17: 822-836.

18

120z AelN €1 uo 1sonB Aq | Z98EZY/EG0UEOW/AOB/EE0L "0 L/I0P/2IO1E-80UBADPE/OE/WO0" dNO"oIWUSPEdE//:SARY WOl Papeojumod



Kull CA, Tassin J, Rambeloarisoa G, Sarrailh J-M. 2008. Invasive Australian acacias on
western Indian Ocean islands: a historical and ecological perspective. African Journal of

Ecology 46: 684-689.

Lande R. 1988. Genetics and demography in biological conservation. Science 241: 1455—

1460.

Lavergne S, Molofsky J. 2007. Increased genetic variation and evolutionary potential drive
the success of an invasive grass. Proceedings of the National Academy of Sciences 104:

3883-3888.

Le S, Ratnam W, Harwood CE, et al. 2016. A multiplexed set of microsatellite markers for
discriminating Acacia mangium, A. auriculiformis, ‘and their hybrid. Tree Genetics &

Genomes 12: 31. doi: 10.1007/s11295-016-0990-2

Le Roux JJ, Brown GK, Byrne M, et al. 2011. Phylogeographic consequences of different
introduction histories of invasive Australian Acacia species and Paraserianthes lophantha

(Fabaceae) in South Africa. Diversity and Distributions 17: 861-871.

Le Roux JJ, Richardson DM, Wilson JRU, Ndlovu J. 2013. Human usage in the native
range may determine future genetic structure of an invasion: insights from Acacia pycnantha.

BMC Ecology 13:37. doi: 10.1186/1472-6785-13-37

Le Roux JJ, Clusella-Trullas S, Mokotjomela TM, et al. 2020. Biotic interactions as
mediators of biological invasions: Insights from South Africa. In B.W. van Wilgen, J.
Measey, D.M. Richardson, J.R. Wilson, & T.A. Zengeya (Eds.), Biological invasions in

South Africa. , pp. 387— 427. Cham, Switzerland: Springer.

19

120z AelN €1 uo 1sonB Aq | Z98EZY/EG0UEOW/AOB/EE0L "0 L/I0P/2IO1E-80UBADPE/OE/WO0" dNO"oIWUSPEdE//:SARY WOl Papeojumod



Lepais O, Bacles CFE. 2011. Comparison of random and SSR-enriched shotgun
pyrosequencing for microsatellite discovery and single multiplex PCR optimization in Acacia

harpophylla F. Muell. Ex Benth. Molecular Ecology Resources 11: 711-724.

Levy E, Byrne M, Coates DJ, et al. 2014. Isolation via 454 sequencing, and characterisation
of microsatellite markers for the Pilbara endemic Acacia atkinsiana (Fabaceae). Conservation

Genetics Resources 6: 585-587.

Levy E, Byrne M, Coates DJ, Macdonald BM, McArthur S, van Leeuwen S. 2016.
Contrasting influences of geographic range and distribution of populations on patterns of
genetic diversity in two sympatric Pilbara acacias. PloS One 11: e0163995. doi:

10.1371/journal.pone.0163995

Li F-F, Gong L, Li J-S, Liu X-Y, Zhao C-Y. 2019. Low genetic differentiation yet high
phenotypic variation in the invasive populations of Spartina alterniflora in Guangxi, China.

PloS One 14: e0222646. doi: 10.1371/journal.pone.0222646

Liu C, Wolter C, Xian W, Jeschke JM. 2020. Most invasive species largely conserve their

climatic niche. Proceedings of the National Academy of Sciences 117: 23643-23651.

Magona N, Richardson DM, Le Roux JJ, Kritzinger-Klopper S, Wilson JRU. 2018.
Even well-studied groups of alien species might be poorly inventoried : Australian Acacia

species in South Africa as a case study. NeoBiota 39: 1-29.

Maslin B, McDonald M. 2004. AcaciaSearch: evaluation of Acacia as a woody crop option
for southern Australia. Canberra, Australia: Rural Industries Research and Development

Corporation.

20

120z AelN €1 uo 1sonB Aq | Z98EZY/EG0UEOW/AOB/EE0L "0 L/I0P/2IO1E-80UBADPE/OE/WO0" dNO"oIWUSPEdE//:SARY WOl Papeojumod



McDonald MW, Butcher PA, Bell JC, Nguyen CV. 2003. Clinal variation and genetic

divergence in Acacia tumida (Mimosaceae). Australian Systematic Botany 16: 57—68.

McGranahan M, Bell JC, Moran GF, Slee M. 1997. High genetic divergence between
geographic regions in the highly outcrossing species Acacia aulacocarpa (Cunn. ex Benth.).

Forest Genetics 4: 1-13.

McKinnon GE, Larcombe MJ, Griffin AR, Vaillancourt RE. 2018. Development of
Microsatellites Using Next-Generation Sequencing for Acacia Crassicarpa. Journal of

Tropical Forest Science 30: 252-258.

Millar MA. 2009. Characterisation of microsatellite DNA markers for the rare Acacia
woodmaniorum (Leguminosae: Mimosaceae). Conservation Genetics Resources 1: 441. doi:

10.1007/s12686-009-9102-z

Millar MA, Byrne M. 2007. Characterization of polymorphic microsatellite DNA markers
for Acacia saligna (Labill.) H.L.Wendl. (Mimosaceae). Molecular Ecology Notes 7: 1372—

1374.

Millar MA, Byrne M. 2012. Biogeographic origins and reproductive mode of naturalised

populations of Acacia saligna. Australian Journal of Botany 60: 383—-395.

Millar MA, Byrne M, Nuberg I, Sedgley M. 2008. A rapid PCR-based diagnostic test for

the identification of subspecies of Acacia saligna. Tree Genetics & Genomes 4: 625-635.

Millar MA, Byrne M, O’Sullivan W. 2011. Defining entities in the Acacia saligna
(Fabaceae) species complex using a population genetics approach. Australian Journal of

Botany 59: 137-148.

21

120z AelN €1 uo 1sonB Aq | Z98EZY/EG0UEOW/AOB/EE0L "0 L/I0P/2IO1E-80UBADPE/OE/WO0" dNO"oIWUSPEdE//:SARY WOl Papeojumod



Millar MA, Coates DJ, Byrne M. 2013. Genetic connectivity and diversity in inselberg
populations of Acacia woodmaniorum, a rare endemic of the Yilgarn Craton banded iron

formations. Heredity 111: 437-444.

Millar MA, Coates DJ, Byrne M, Krauss SL, Jonson J, Hopper SD. 2019. Assessment of
genetic diversity and mating system of Acacia cyclops restoration and remnant populations.

Restoration Ecology 27: 1327-1338.

Mitchell N, Owens GL, Hovick SM, Rieseberg LH, Whitney KD. 2019. Hybridization
speeds adaptive evolution in an eight-year field experiment. Scientific Reports 9: 6746. doi:

10.1038/s41598-019-43119-4.

Mohammed I, Rehman SI, Mir AA, et al. 2020. Population genetics of Narcissus species
reveals high diversity and multiple introductions into Kashmir. Agricultural Research 1: 441.

doi: 10.1007/s12686-009-9102-z

Moran G, Muona O, Bell J. 1989. Acacia mangium - a tropical forest tree of the coastal

lowlands with low genetic diversity. Evolution 43: 231-235.

Murray BF, Reid MA, Capon SJ, Thoms M, Wu S-B. 2019. Gene flow and genetic
structure in Acacia stenophylla (Fabaceae): Effects of hydrological connectivity. Journal of

Biogeography 46:1138-1151.

Murray BF, Reid MA, Wu S-B. 2018. Microsatellite development via next-generation
sequencing in Acacia stenophylla (Fabaceae) and Duma florulenta (Polygonaceae): two
ecologically important plant species of Australian dryland floodplains. PeerJ Preprints 6:

e27027v1. doi: 10.7287/peerj.preprints.27027

22

120z AelN €1 uo 1sonB Aq | Z98EZY/EG0UEOW/AOB/EE0L "0 L/I0P/2IO1E-80UBADPE/OE/WO0" dNO"oIWUSPEdE//:SARY WOl Papeojumod



Nevill PG, Anthony JM, Krauss SL. 2010. Isolation and characterization of microsatellite
markers for the banded ironstone endemic Acacia karina (Leguminosae: Mimosaceae) and
cross-species amplification with A. stanleyi and A. jibberdingensis. Conservation Genetics

Resources 2: 321-323.

Nevill PG, Wardell- Johnson G. 2016. Microsatellite primers for the rare shrub Acacia
adinophylla  (Fabaceae). Applications in Plant Sciences 4: 1600084. doi:

10.3732/apps.1600084

Palacio-Ldopez K, Gianoli E. 2011. Invasive plants do not display greater phenotypic
plasticity than their native or non-invasive counterparts: A meta-analysis. Oikos 120: 1393—

1401.

Playford J, Bell J, Moran G. 1993. A major disjunction in genetic diversity over the

geographic range of Acacia melanoxylon R. Br. Australian Journal of Botany 41: 355-368.

Poynton R. 2009. Tree planting in southern Africa, volume 3: Other genera. Pretoria, South

Africa: Department of Agriculture, Forestry and Fisheries.

Prentis PJ, Wilson JRU, Dormontt EE, Richardson DM, Lowe AJ. 2008. Adaptive

evolution in invasive species. Trends in Plant Science 13: 288-294.

Pysek P, Hulme PE, Simberloff D, et al. 2020. Scientists’ warning on invasive alien

species. Biological Reviews, in press. doi: 10.1111/brv.12627

Qiao H, Liu W, Zhang Y, Zhang Y-Y, Li QQ. 2019. Genetic admixture accelerates

invasion via provisioning rapid adaptive evolution. Molecular Ecology 28: 4012-4027.

R Core Team. 2016. R: A language and environment for statistical computing. R Foundation

for Statistical Computing, Vienna, Austria. https://www.r-project.org/.

23

120z AelN €1 uo 1sonB Aq | Z98EZY/EG0UEOW/AOB/EE0L "0 L/I0P/2IO1E-80UBADPE/OE/WO0" dNO"oIWUSPEdE//:SARY WOl Papeojumod



Reed DH, Frankham R. 2001. How closely correlated are molecular and quantitative

measures of genetic variation? A meta-analysis. Evolution 55: 1095-1103.

Reznick DN, Losos J, Travis J. 2019. From low to high gear: there has been a paradigm

shift in our understanding of evolution. Ecology Letters 22: 233-244.

Richardson DM, Carruthers J, Hui C, et al. 2011. Human-mediated introductions of
Australian acacias — a global experiment in biogeography. Diversity and Distributions 17:

771-787.

Richardson DM, Roux JJL, Wilson JR. 2015. Australian acacias as invasive species:
lessons to be learnt from regions with long planting histories. Southern Forests: a Journal of

Forest Science 77: 31-39.

Roberts DG, Forrest CN, Denham AJ, Ayre DJ. 2013. Microsatellite markers for

vulnerable Australian aridzone Acacias. Conservation Genetics Resources 5: 199-201.

Roberts DG, Forrest CN, Denham AJ, Ayre DJ. 2016. Varying levels of clonality and
ploidy create barriers to gene flow and challenges for conservation of an Australian arid-zone

ecosystem engineer, Acacia loderi. Biological Journal of the Linnean Society 118: 330-343.

Roberts DG, Forrest CN, Denham AJ, Ayre DJ. 2017. Clonality disguises the

vulnerability of a threatened arid zone Acacia. Ecology and Evolution 7: 9451-9460.

Roman J, Darling JA. 2007. Paradox lost: genetic diversity and the success of aquatic

invasions. Trends in Ecology & Evolution 22: 454-464.

Saul W-C, Jeschke JM, Heger T. 2013. The role of eco-evolutionary experience in invasion

success. NeoBiota 17: 57—74.

24

120z AelN €1 uo 1sonB Aq | Z98EZY/EG0UEOW/AOB/EE0L "0 L/I0P/2IO1E-80UBADPE/OE/WO0" dNO"oIWUSPEdE//:SARY WOl Papeojumod



Schrey AW, Coon CAC, Grispo MT, et al. 2012. Epigenetic variation may compensate for
decreased genetic variation with introductions: a case study using house sparrows (Passer
domesticus) on two continents. Genetics Research International 2012: 979751. doi:

10.1155/2012/979751

Searle SD, Bell JC, Moran GF. 2000. Genetic diversity in natural populations of Acacia

mearnsii. Australian Journal of Botany 48: 279-286.

Shaughnessy GL. 1980. Historical ecology of alien woody plants in the vicinity of Cape

Town, South Africa. PhD Thesis, University of Cape Town, South Africa.

Shukor NAA, Chubo JK. 2003. Genetic variation in isozyme analysis of Acacia

crassicarpa. Journal of Tropical Forest Science 15: 74-81.

Thompson GD, Bellstedt DU, Byrne M, et al. 2012. Cultivation shapes genetic novelty in a

globally important invader. Molecular Ecology 21: 3187-3199.

Thompson GD, Bellstedt DU, Richardson DM, Wilson JRU, Le Roux JJ. 2015. A tree
well-travelled: global genetic structure of the invasive tree Acacia saligna. Journal of

Biogeography 42: 305-314.

Vicente S, Maguas C, Trindade H. 2018. Genetic diversity and differentiation of invasive

Acacia longifolia in Portugal. Web Ecology 18: 91-103.

Vilas A, Pérez- Figueroa A, Quesada H, Caballero A. 2015. Allelic diversity for neutral
markers retains a higher adaptive potential for quantitative traits than expected

heterozygosity. Molecular Ecology 24: 4419-4432.

Wickneswari R, Norwati M. 1993. Genetic diversity of natural populations of Acacia

auriculiformis. Australian Journal of Botany 41: 65-77.

25

120z AelN €1 uo 1sonB Aq | Z98EZY/EG0UEOW/AOB/EE0L "0 L/I0P/2IO1E-80UBADPE/OE/WO0" dNO"oIWUSPEdE//:SARY WOl Papeojumod



Xia L, Geng Q, An S. 2020. Rapid genetic divergence of an invasive species, Spartina

alterniflora, in China. Frontiers in Genetics 11: 284. doi: 10.3389/fgene.2020.00284

Yuskianti V, Isoda K. 2012. Genetic diversity of Acacia mangium seed orchard in Wonogiri

Indonesia using microsatellite markers. HAYATI Journal of Biosciences 19: 141-144.

26

120z AelN €1 uo 1sonB Aq | Z98EZY/EG0UEOW/AOB/EE0L "0 L/I0P/2IO1E-80UBADPE/OE/WO0" dNO"oIWUSPEdE//:SARY WOl Papeojumod



Figure Captions

Figure 1: The proportional change of (A) expected heterozygosity, (B) observed
heterozygosity, and (C) allelic richness in invasive populations of acacias relative to their
native counterparts. An ‘independent comparison’ is considered as the comparision of the
diversity metrics of the same species of Acacia between an invaded range and the native
range. Different countries of introduction were considered as different invaded ranges. Rugs
represent the distribution of purposes of introduction. Detailed information can be found in

Supplementary Information — Appendix 2. *p < 0.05, two-tailed Wilcoxon signed rank test.

Figure 2: Box plots showing (A) expected heterozygosity, (B) observed heterozygosity, (C)
inbreeding coefficient and (D) allelic richness by range type (native range for taxa that do not
have invasive populations; native range for taxa with invasive populations; and invasive
ranges). Kruskal-Wallis tests show no significant differences among ranges for any of the

considered metrics.
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Table

Table 1: Diversity metrics extracted from 51 studies on molecular variation of Australian

Acacia species. He — Expected heterozygosity; Ho — Observed heterozygosity; A — Allelic

richness; Fis — Inbreeding coefficient. A) Data for different populations; B) Mean and

standard deviation of the diversity metrics with data grouped according to range type

(invasive range; native range for taxa with invasive ranges, marked as native*; native range

for taxa with no invasive ranges)

1A
Range Species He Ho A Fis Reference

vasive o auriculiformis 0422 0570 - 035y Adamski etal. 2013
Invasive A cincinnata 0451 0481 - 6.066 Adamski et al. 2013
Invasive A. crassicarpa 0.455 0.486 - - 0 070 Adamski et al. 2013
Invasive ) dealbata 0.330 0408 2007 .. Hirschetal 2021
nvasive 5 dealbata 0473 0555 2815 ., Hirschetal 2021
nvasive 5 dealbata 0432 0475 2864 .o Hirschetal 2021
Invasive 4 jealbata 0471 0522 2895 .. Hirschetal 2021
Invasive " dealbata 0445 0448 2898 .. Hirschetal 2021
Invasive  Gealbata 0433 0552 2731 .. Hirschetal 2021
nvasive  dealbata 0403 0459 2413 . Hirschetal 2019
Invasive longifolia 0.720 0.740 6.060 6.031 Vicente et al. (this study)
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1A

Range Species He Ho A, Fis Reference

INVasive  » Jongifolia 0500 0515 - - Vicente et al. 2018
0.039

Invasive A. mangium 0.248 0.230 - 0.073 Adamski et al. 2013

Invasive  A. mangium 0.623 0502 8.454 0.169 Yuskianti & Isoda 2012

Invasive A. mangium 0.707 0.604 - 0.145 Butcher et al. 2004

Invasive A. mearnsii 0.550 0.430 7.080 0.250 Bairuetal.2019

INVasIVe o melanoxylon 0433 0457 - Logg  Adamski etal. 2013

I i - . .

Vasive A. melanoxylon 0.710 0.780 5.540 0.098 Vicente et-al. (this study)

Invasive A. podalyriifolia 0.630 0.630 4.130 0.002 Vicente et al. (this study)

Invasive » nyenantha 0.600 0.650 - hoge e Rouxetal. 2013

I i - . .

VASIVE A, pycnantha 0590 0740 5040 .. Vicente etal. (this study)

Invasive A. saligna 0435 0.360 - 0.088 Thompson et al. 2015

Invasive A. saligna 0.530 0390 - 0.230 Thompson et al. 2015

Invasive  A. saligna 0.640 0.360 - 0.430 Thompson et al. 2015

Invasive A. saligna 0.640 0470 - 0.290 Thompson et al. 2015

Invasive  A. saligna 0435 0.332 - 0.238 Thompson et al. 2012

Invasive  _ “saligna 0.406 0.442 - ) Millar & Byrne 2012
0.081

Native* A. ancistrocarpa 0.525 0.426 5400 0.188 Levyetal. 2016

Native* A. auriculiformis 0.081 0.071 - 0.123  Wickneswari & Norwati 1993

Native* A. auriculiformis 0.600 0.500 - 0.180 Leetal 2016

Native* A. crassicarpa 0.222 0.083 - 0.627  Shukor & Chubo 2003

Native* A. crassicarpa 0.630 0.600 - 0.050 McKinnon et al. 2018

— -
Native™ A cyclops 0260 0352 1823 . Millaretal. 2019
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1A

Range Species He Ho A, Fis Reference
Native* A. dealbata 0.110 0.100 1.650 0.134 Broadhurst et al. 2008
Native* A. dealbata 0.549 0481 - 0.124 Guillemaud et al. 2015
Native* - )

anve A. dealbata 0.460 0.495 3.375 0.076 Hirsch et al. 2018
Native* - - . .

anve A. longifolia 0.730 0.760 6.230 0.053 Vicente et al. (this study)
Native* A. mangium 0.131 0.124 - 0.058 Butcher etal. 1998
Native* A. mangium 0.017 0.015 - 0.118 Moran etal. 1989
Native* A. mangium 0.560 0.450 - 0.200 Leetal. 2016
Native* A. mangium 0.692 0.640 - 0.075. Butcher et al. 2004
Native* A. mearnsii 0.179 0.164 - 0.057  Searle et al. 2000
Native* A. melanoxylon 0.208 0.177 - 0.113 Playford et al. 1993
Native* A. melanoxylon 0.720 0.650 6.310 - 0.103 Vicente et al. (this study)

- i
Native™ A microbotrya  0.370 0.364 2220 Loge  Binksetal. 2015
Native* A. microbotrya 0172 0123 - 0.151 Elliot et al. 2002
Native* N - . .
A. podalyriifolia 0.590 0.770 3.400 0.302 Vicente et al. (this study)
- i
Native™ 1 oycnaftha 0580 0.670 - (13 L€ Rouxetal 2013
Native* - : .
A. pycnantha 0.590 0.660 4.950 0.121 Vicente et al. (this study)

Native* A. saligna 0455 0335 - 0.265 Thompson et al. 2015
Native* A. saligna 0505 0417 - 0.174 Thompson et al. 2012
Native* A. saligna 0.561 0461 - 0.170  Millar & Byrne 2012
Native* A. saligna 0.498 0.456 - 0.089 Millar et al. 2011
Native* A. saligna 0.476 0427 - 0.107  Millar et al. 2008
Native* A. saligna 0.282 0.278 - 0.030 George et al. 2006
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1A

Range Species He Ho A Fis Reference
Native* A. saligha 0526 0391 - 0.257 Millar & Byrne 2007
Native* A. tumida 0.149 0.133 - 0.111 McDonald et al. 2003
Native A. acuminata 0.263 0.154 - 0.299 Broadhurst & Coates 2002
Native A. adinophylla 0.613 0.871 - 6.420 Nevill & Wardell-Johnson 2016
Native A.amblyophylla ~ 0.428 0.433 2.340 0 053 Binksetal. 2015
Native A. anfractuosa 0.380 0.200 - 0.380 Coates etal. 2006
Native A anomala 0144 0164 - ) Coates 1988

0.135
Native  » atkinsiana 0426 0430 3000 . Levyetal 2016
Native ) ikinsiana 0.493 0534 - ) Levy et al. 2014

0.084
Native A. attenuata 0.239 0.125 - 0.482 Brownlie et al. 2009
Native A. aulacocarpa 0.112 0.104 - 0.084 McGranahan et al. 1997
Native A. carneorum 0.245 - 0.473 - ) Roberts et al. 2013

0.935
Native A. carneorum - 0540 - - Roberts et al. 2017
Native A. daphnifolia 0.397 0.390 2.320 0.021 Binksetal. 2015
Native A. harpophylla 0.834 0.732 12.043 0.111 Lepais & Bacles 2011
Native A. karina 0.779 0.704 - 0.096 Nevill et al. 2010
Native A. karina 0.735 0.705 6.400 0.037 Funnekotter et al. 2019
Native A. ligulata 0.750 - - 0.380 Forrest et al. 2015
Native A loderi 0560 0498 3200 . Roberisetal 2016
Native A. loderi 0472 0432 - 0.085 Roberts et al. 2013
Native A. melvillei 0.700 - - 0.380 Forrest et al. 2015
Native A. montana 0.677 0540 - 0.202 Hopley et al. 2015
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1A

Range Species He Ho A, Fis Reference

Native A. oldfieldii 0.168 0.078 - 0.332 Broadhurst & Coates 2002
Native A. pendula 0.738 - - 0.214 Forrest et al. 2015

Native A. sciophanes 0.300 0.180 - 0.360 Coates et al. 2006

Native A. splendens 0.338 0.322 2140 0.000 Binksetal. 2015

Native A. splendens 0.109 0.094 - 0.035 Elliot et al. 2002

Native A. stenophylla 0439 0.368 - 0.173 Murray et al. 2019

Native A. stenophylla 0432 0354 - 0.108 Murray etal. 2018

Native A woodmaniorum 0531 0529 2730 ogs  Millaretal. 2013

Native A. woodmaniorum  0.559 0.511 - 0.084  Millar 2009

1B

Range n He Ho A Fis

Invasive 27 0.508 £ 0.120 0.503+0.129 4,232 £2.025 -0.004 £ 0.185
Native* 30 0.451+0.211 0.386 + 0.220 3.929 + 1.848 0.086 + 0.167
Native 29 0.459.« 0.215 0.402 + 0.219 4.272 £ 3.426 0.075+ 0.279
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Figure 2
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